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Longitudinal and Immediate Effect of Kundalini Yoga on Salivary Levels
of Cortisol and Activity of Alpha-Amylase and Its Effect on Perceived

Stress

Abstract

Context: Stress is defined as an alteration of an organism’s balance in response to a demand perceived
from the environment. Diverse methods exist to evaluate physiological response. A noninvasive
method is salivary measurement of cortisol and alpha-amylase. A growing body of evidence
suggests that the regular practice of Yoga would be an effective treatment for stress. Aims: To
determine the Kundalini Yoga (KY) effect, immediate and after 3 months of regular practice, on
the perception of psychological stress and the salivary levels of cortisol and alpha-amylase activity.
Settings and Design: To determine the psychological perceived stress, levels of cortisol and
alpha-amylase activity in saliva, and compare between the participants to KY classes performed
for 3 months and a group that does not practice any type of yoga. Subjects and Methods: The
total sample consisted of 26 people between 18 and 45-year-old; 13 taking part in KY classes given
at the Faculty of Dentistry, University of Chile and 13 controls. Salivary samples were collected,
enzyme-linked immunosorbent assay was performed to quantify cortisol and kinetic reaction test
was made to determine alpha-amylase activity. Perceived Stress Scale was applied at the beginning
and at the end of the intervention. Statistical Analysis Used: Statistical analysis was applied using
Stata v11.1 software. Shapiro—Wilk test was used to determine data distribution. The paired analysis
was fulfilled by #-test or Wilcoxon signed-rank test. 7-test or Mann—Whitney’s test was applied to
compare longitudinal data. A statistical significance was considered when P < 0.05. Results: KY
practice had an immediate effect on salivary cortisol. The activity of alpha-amylase did not show
significant changes. A significant decrease of perceived stress in the study group was found.
Conclusions: KY practice shows an immediate effect on salivary cortisol levels and on perceived
stress after 3 months of practice.
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activity of the physiological systems of
stress. Nevertheless, stress is a many-sided
phenomenon that needs a multidimensional
approach.l>”!

Introduction

Stress is defined as an alteration of an
organism’s  homeostasis in  response
to a real or perceived demand from

the environment. The stressors can be Saliva has received great attention as

biological, environmental, social, emotional,
or psychological, unleashing a response to
restore the balance.!'

The physiological response to stress
is formed by two principal branches:
autonomic nervous system (ANS) and
the  hypothalamic-pituitary-adrenal  axis
(HPA).B! The sympathetic nervous system
part of ANS responds immediately by
adrenergic hormones. The HPA axis allows
a late and supported over time response by
secreting glucocorticoids as cortisol.[

Cortisol and adrenergic hormones have
been defined as reliable indicators of the
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a fluid that allows to the quantification
of the presence of diverse markers such
as immunoglobulin, cortisol,>*  and
alpha-amylasel!“13]  among others, in a
noninvasive way.

To approach stress in an integrated way,
its subjective component is also relevant.
Every person reacts differently to stressors,
resulting in different perceptions of stress.
The characteristics of this response have
an important relationship with individual,
social, and cultural aspects, giving a
particular aspect to the experience perceived
by each individual.['¥
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In 1983, Cohen et al!™! developed the Perceived Stress
Scale (PSS) to measure the degree, in which the persons
evaluate the stressful situations in their daily life. The scale
includes questions destined to evaluate the perception of
stress during the last month.!®!

Nowadays, diverse forms of treatment for stress exist.
Thousand-year-old technologies as yoga are gaining
increasing attention as a holistic system that involves
the physical body, the mind, and breathing to achieve
balance.>!718]

In this context, our investigation was carried out to
determine if Kundalini Yoga (KY) regular practice could
modify the perception of psychological stress and the
salivary levels of cortisol and activity of alpha-amylase in
beginners’ practitioners of this discipline, in comparison to
a control group.

Subjects and Methods
Kundalini Yoga

Kundalini comes from the word “kundal”; coiled energy;
the creative potential of an individual. “Kundalini” literally
means “the curl of the lock of hair of the beloved.”
This poetic metaphor alludes to the flow of energy and
consciousness that exists within each of us and enables us
to merge with the universal self.

KY is a Raaj Yoga that creates vitality in the body, balance
in the mind, and openness to the spirit and is the yoga of
awareness, the science of potential exploration of the self
within the self; its focus is on self-awareness and delivering
an experience of your highest consciousness.

The primary objective is to awaken the full potential of
human awareness in each individual, that is, recognize
our awareness, refine that awareness, and expand that
awareness to our unlimited self. Clear any inner duality,
create the power to deeply listen, cultivate inner stillness,
and prosper and deliver excellence in all that we do.

The focus of KY as taught by Yogi Bhajan is on one’s
personal experience and awareness through the practice of
kriya and meditation including mantra chanting. We awaken
the kundalini to be able to call upon the full potential
of the nervous and glandular systems and to balance the
subtle system of chakras and meridians within the body.
“Kriya” is an orchestrated pattern of movements, sound,
pranayam, mudras, concentration, and meditation that
automatically guide the energies of the body and the mind
to a specific result or change of consciousness. They can
be simple short sequences or they may involve vigorous,
even strenuous exercises, which challenge and strengthen
the nervous and endocrine systems and test the will of the
practitioner beyond the limitations of their ego.

In any KY class, anywhere in the world, you can expect
it to include six major components: (1) Tuning-in with
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the Adi Mantra, (2) pranayam or warmup, (3) kriya,
(4) relaxation, (5) meditation, and (6) close with the
blessing song, “May the Long Time Sun Shine Upon
You.” The typical class is 60-90 min: 5-10 min warmup,
3045 min kriya, 5-15 min layout, 11-31 min of
meditation. It is different than all the yogas in one way it is
a science of a householder, it is not the science of a hermit.

Subjects

Previous approval from the Ethics Committee of the Faculty
of Dentistry was obtained for our prospective controlled
clinical study. Participants were volunteers from the north
campus of University of Chile who attended KY regular
classes at the Faculty of Dentistry for at least 3 months. The
control group was recruited by public notices in the same
campus to obtain a similar group. To protect the identity
of the participants and to avoid biases, they were codified
by correlative numbers. The studied group was initially 26
individuals. Nevertheless, the final size was reduced to 13
individuals for the following reasons: irregular attendance,
participation to <50% of the classes, and/or salivary samples
lower than 1 ml. The initial size of the control group was 20
individuals that diminished to 13 because the salivary samples
were lower than 1 ml of saliva or for lack of final sample.
The final size of the sample was 13 individuals in each
group (n = 13); 11 women and 2 men, average age 25.1 = 3.9
in the study group and 10 women and 3 men, average age
23.9 + 2.1 in the control group. Criteria used for selection
were healthy individuals between 18 and 45-year-old. The
study group had to be composed by beginners in KY practice,
defining beginners as those who practice continually <1 year
and attend at least 50% of the total of 30 lessons. Control
group did not practice any type of yoga. For both groups, a
general anamnesis and clinical oral examination were made,
excluding the individuals suffering from disorders of anxiety
and/or stress diagnosed or under treatment of corticoids and
individuals who presented infectious diseases such as caries,
periodontal diseases, and mucositis. All participants signed
an informed assent approved by the Ethics Committee of
the Faculty of Dentistry. KY lessons were carried out twice
a week between 12:30 and 14:00 h for 3 months by a teacher
certified by the Kundalini Research Institute; classes were
given as Yogi Bhajan teachings.!

Sampling

The samples from both groups were obtained in the same
days and schedules. Participants were asked not to consume
alcohol 12 h before, to brush their teeth 2 h before, and
not to consume liquids and/or food within this period to
avoid the pollution and/or alteration of the sample. They
rinsed their mouth with drinkable water 10 min before
collecting the sample. One milliliter of not stimulated
saliva was collected using the Salivette device (Sarstedt,
Germany).”” For the study group, 4 samples were
collected, at the beginning and at the end of the first and
the last class to determine immediate and longitudinal
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effect. In the control group, two samples were collected at
the beginning of the study and after 3 months.

Methods

Samples were processed immediately in the Periodontal
Laboratory of the Faculty of Dentistry. The obtained
samples were centrifuged at 1000 rpm for 3 min at 4°C
and free ethylenediaminetetraacetic acid protease inhibitor
cocktail was added and kept at —80°C. Determination of
cortisol levels and alpha-amylase activity in the obtained
samples was carried out in duplicate using commercial kits
according to the indications of the manufacturer (Cortisol
Salivary Immunoassay kit [ELISA/EIA], Salimetrics
and Alpha-Amylase Salivary Assay Kit, Salimetric).
Multimodal reader Synergy™ HTX was used for both tests.

The PSS Spanish version of 14 articles was applied. The
total score of the PSS was obtained by inverting the score
of the articles 4, 5, 6, 7, 9, 10, and 13 (in the following
order 0 =4,1=3,2=2,3=1, and 4 = 0) and dividing
equally this way 14 articles. The direct obtained score
indicates that a major score corresponds to a higher level
of perceived stress, being 4 the major level of stress and
0 the absence of stress.'>!¢l Every psychological test was
analyzed by an experienced psychologist (R.C.).

Statistical analysis was performed using GraphPad
Prosm V 7 © 2017 GraphPad Software, Inc. Shapiro—
Wilk test was used to determine data distribution. The
analysis of pre- and post-intervention was fulfilled by
t-test or Wilcoxon signed-rank test depending on the data
distribution. 7-test or Mann—Whitney’s test were performed
to compare the basal and longitudinal data between the
study and control groups. A statistical significance was
considered when P < 0.05 [Flow chart 1].

Results

The basal value of salivary cortisol was 0.17 + 0.08 ug/dL
for the control group and 0.19 + 0.08 pg/dL for the study
group [Figure la]. The concentration post intervention
was 0.23 + 0.17 pg/dL in the control group and
0.24 + 0.12 ng/dL for the study group [Figure 1b]. In both
cases, we did not find statistically significant differences in
the basal and postintervention values (P = 0.56 and 0.53
respectively) [Table 1].

On the other hand, after 3 months of KY practice, there
were no statistically significant differences in salivary

cortisol levels with a P = 0.53 for the control group and
0.09 for the study group [Figure 1c and d respectively].

The immediate effect of KY was determined by cortisol
levels before and after the first and the last class in the
study group. At the beginning of the study, the values
were 0.19 + 0.08 pg/dL versus 0.16 £ 0.09 ug ug/dL
and at the end of the study 0.24 + 0.12 pg/dL versus
0.18 + 0.10 ug/dL. In both cases, we observed a decrease
of cortisol. The difference was statistically significant
with a P = 0.042 and 0.001, respectively [Figure le and f,
respectively].

Alpha-amylase activity in the study group at the beginning
was 34.03 = 21.68 U/mL and after 3 months of yoga practice
38.01 + 20.14 U/mL while in the control group, the values
were 43.82 + 18.24 U/mL versus 41.02 £ 19.95 U/mL.
The groups did not present significant differences in their

Healthy individuals volunteers of North
between 18 and 45 campus of University of
Md* Chile
S ——
i [ sorgow
examination. Yoga practice for 3 Control group
- - month n=20
All participants signed
an informed assent n=26
\ S A= 7
Colection samples [~ l ~ - l N
The Perceived Stress 4 salivary samples 2 samples were
Scale (PSS) were were collected, at the collected at the
atthe begging and the end begging of the study
applied
beginingand end of | of the first and the last and after 3 month
the study. \ J % J
7 L 5 3 l N
13 Dropout due to
assist less than the el e
half of the classes or fund sy
Dropout less than 1ml of l’:cm'ffﬁamf
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vatyl mpl L 3
S Cortisol levels and
mﬂw and alpha amylase activity
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Flow Chart 1: Study design

Table 1: Summary table of results

Control group Study group
Baseline 3 months Baseline* Baseline’ 3 months* 3 months®
Cortisol (pg/dL) 0.17+0.08 0.23£0.17 0.19+0.08* 0.16+0.09% 0.24+0.12% 0.18+0.108
Alpha-amylase activity (U/mL) 43.82+18.24 41.02+19.95 34.03+£21.68 40.73+£20.44 38.014+20.14 37.68+23.71
Perceived stress score 24.62+7.51 26.08+8.36/ 23.54+8.85%* - 16.78+6.20/-#* -

*Before class, "After class. Immediate effect of Kundalini Yoga over cortisol levels *P=0.042, $P=0.001. Longitudinal effect of Kundalini

Yoga over perceived stress |P=0.003, **P=0.02
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Figure 1: Effect of Kundalini Yoga practice for 3 months in salivary levels of cortisol. (a) Baseline levels of cortisol, (b) postintervention levels of cortisol,
(c) longitudinal effect in control group, (d) longitudinal effect in yoga group, (e) baseline immediate effect (f) postintervention immediate effect
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Figure 2: Effect of Kundalini Yoga practice for 3 months in salivary alpha amylase activity. (a) Baseline alpha amylase activity, (b) postintervention alpha
amylase activity, (c) longitudinal effect in control group, (d) longitudinal effect in yoga group, (e) baseline immediate effect (f) postintervention immediate effect

76 International Journal of Yoga | Volume 10 | Issue 2 | May-August 2017



Garcia-Sesnich, et al.: Effect of Kundalini Yoga on stress

P=0.003
- A
g % f \
g 454 P=0.02
(2] J
. * —|— ——
2 T
»n 307
'§ 25+
= 204
2 154 1
L
o 104 |
S s
<
S o
o b L} 1 L 1
& & £ <&
N > & o
© & & &
°o° Oo(‘ K\ A

Figure 3: Effect of Kundalini Yoga practice for 3 months in perceived stress

basal and postintervention values (P = 0.25 and P = 0.72,
respectively) [Figure 2a and b, respectively].

Three months after the first salivary sample, we did not
find significant differences in alpha-amylase activity
in the study group (P = 0.37) and neither in the control
group (P = 0.67) [Figure 2c and d, respectively].

The immediate effect was determined according to the
activity before and after the first and last class. The values
of the first class were basal 34.03 = 21.68 U/mL and final
40.73 £+ 20.44, while those of the last session were basal
38.01 £ 20.14 U/mL and final 37.68 + 23.71U/mL. In
both cases, before and after the first and last class, we did
not observe an immediate effect of yoga practice on the
activity of salivary alpha-amylase (P = 0.26 and P = 0.85,
respectively) [Figure 2e and f respectively].

On the other hand, the analysis of perceived stress score
obtained with #-test for independent samples demonstrated
that the groups did not present differences in the basal
measurement (P = 0.74), but there was a statistical
significance after the intervention (P = 0.003) [Figure 3].

Student’s t-test for paired samples determined that level
of stress perceived in the control group had a scanty
variation between the first measurement (24.62 £+ 7.51) and
the second one (26.08 £+ 8.36) with a P = 0.47 while the
experimental group had a marked decrease of perceived
stress after intervention (23.54 + 8.85 vs. 16.78 £ 6.20).
This was statistically significant with a P = 0.02. Therefore,
the intervention had an important diminishing effect on
perceived stress [Figure 3].

Discussion

This study evaluated the longitudinal and immediate effect
of the KY in the salivary levels of cortisol and activity of
alpha-amylase and its effect on perceived stress.

The salivary alpha-amylase levels are widely considered
a marker of psychological stress and reflect the activity of
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sympathetic adrenal medullary system. On Duchemin’s??!
study, mindfulness-based intervention levels of salivary
a-amylase were significantly decreased between the 1% and
2" assessments in the intervention group with no changes
in the control group as well as on Sieverdes et al.*? study
were a small-to-moderate effect size was seen in the Hatha
yoga group favoring a reduction of «-amylase, while
a-amylase increased in the prehypertensive attention control
group who attended to music or art class. Alpha-amylase
activity did not show statistically significant differences
between the group that practiced Hatha Yoga and the
control group?? as well as our study where no significant
variations were found in any of the measurements.

Methodological weaknesses as sample size, eating behavior,
quantity of yoga classes, and the duration of intervention
could be improved in the future studies. It is important to
consider that even though they were asked not to consume
alcohol 12 h before, to brush their teeth 2 h before, and not
to consume liquids and/or food within this period to avoid
the pollution and/or alteration of the sample we cannot be
sure of it, which could explain the large variation in the
values of alpha-amylase, especially if they ate or drank
before sampling.

For immediate changes on the salivary activity of
alpha-amylase, we did not find significant differences as
well as in a study carried out in 2011 with a test of social
stress (trier social stress test). A possible explanation
could be that changes in salivary markers such as the
alpha-amylase might appear 2, 6, or 24 h later after the
intervention.?*!

Psychological stress activates autonomic system, increasing
the activity of alpha-amylase.l*?* Chatterton described
significant correlations between alpha-amylase, adrenaline,
and noradrenaline after exercise. Furthermore, the activity
of this enzyme in saliva is affected by physical exercise,
having a direct relationship with the exercise intensity.!2%2]
As for the psychological component, marked alterations in
alpha-amylase levels were detected after applying stressors
such as skydiving, academic tests, or stressful videos by
different research groups!''**?7! that could be an explanation
for our results because our study finished in period of
academic exams.

Unlike the previous evidence that shows a decrease in
cortisol levels, longitudinally and immediately with
the practice of yoga,”® we did not find a statistical
difference in the longitudinal measurement in the study
group. This may be due to uncontrolled factors which
could influence directly on the levels of cortisol, such
as the use of oral contraceptives, physical exercise, and
smoking. /3%

A study performed in 2004 found significant differences in
salivary cortisol levels when comparing the immediate effect
of African dance and Hatha yoga, describing a decrease
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of cortisol in the yoga group in comparison to the dance
group. However, both disciplines showed lower values of
perceived stress compared with the control group.i"

Immediate effect of KY on salivary cortisol levels shows a
statistically significant decrease in the first and in the last
class as in Juster’s study.”! Although literature says that
cortisol helps support stress as physiological response before
constant stress stimulus contributing principally to the late
response, there is an evidence that indicates that the peak of
cortisol would be between 20 and 30 min after the stimulus,
increasing immediately when homeostasis is altered.*”

Although PSS is not validated in a Chilean population, it
offers a brief and simple application, available in our native
language and its shows internal consistency in the desirable
range in different contexts and languages such as Spanish,
English, and Japanese.['41632:33]

Perceived stress diminished longitudinally in the study
group as it has been observed in other investigations with
KY practice.®¥ Furthermore, in accordance to the available
literature, perceived stress diminished in the control groups
when complementary tools for the treatment of stress were
applied.B”

However, there is a discrepancy in our results. While
perceived stress diminished longitudinally, salivary cortisol
levels did not change significantly, probably due to the
factors previously mentioned, especially that the study
ended in period of academic exams. Evidence shows that
subjects undergoing examinations increase their perceptions
of stress;1***" therefore, the above-mentioned factors would
apparently not affect the perception of stress.

In literature, there are described factors that might modify
the concentrations of cortisol and activity of alpha-amylase
in saliva, such as the age, sex, use of oral contraceptives,
menstrual cycle,P®¥ cycles of dream, and consumption
of caffeinel” and nicotine.*” These factors were not
controlled or used as criteria of exclusion because our
sample size was very limited. Due to the fact that the
evidence is ambiguous with respect to the influence of
age and gender in the salivary concentrations of stress
markers,*! the effects of oral contraceptives on cortisol
levels™>*] and the increase in cortisol secretion due to
nicotine consumption,” it is suggested to approach these
factors in the future studies.

Although different styles of yoga exist, there are different
ways to achieve the same end, where variations might exist
since they have different approaches.** Recent studies
support the positive effect of yoga in the treatment of
stress*! though even more studies with a stricter exclusion
criteria and longer periods of intervention are necessary.

Conclusions

This study presents an approximation where immediate and
longitudinal perceived stress declined, which leads us to
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think that KY might be a useful tool in the complementary
treatment of pathologies directly related to high levels of
stress, such as cardiovascular diseases,* hypertension, 74
immune system disorders,”! bruxism and periodontal
disease,’?  insomnia, depression,****! and also in
diabetes***! and chronic diseases in general.
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